Objectives: To estimate the prevalence of dyslipidemia and patterns of lipid profile and associated factors among Yemeni university students.
Methods: This cross-sectional study included 240 Yemeni students (116 males and 124 females) at Ibb University. The students were randomly selected from various faculties of the university. Demographic and clinical data were obtained from all participants. Fasting blood specimens were collected from all students for measurement of serum levels of total cholesterol (TC), triglycerides (TG), low-density lipoprotein cholesterol (LDL-C), and high-density lipoprotein cholesterol (HDL-C). The criteria of the National Cholesterol Education Program-Adult Treatment Panel III (NCEP-ATP III) were used.
Results:
The mean age of the studied cohort was 19.8 AE 1.8 years; 48.3% were men and 51.7% were women. About 56.7% of the participants were from rural areas. Qat chewers and cigarette smokers comprised 63.3% and 6.7% of the cohort, respectively. No obese students were found in this study; however, 11.7% were overweight. The overall prevalence of dyslipidemia, hypercholesterolemia, hypertriglyceridemia, high LDL-C, and low HDL-C among the participating students were 86.7%, 21.7%, 23.8%, 31.7%, and 81.7%, respectively. Mixed hyperlipidemia was present in 8.8% of the students. The prevalence of isolated hypercholesterolemia, hypertriglyceridemia, and low HDL-C was 12.9%, 15%, and 70%, respectively. Dyslipidemia was significantly associated with male sex, increasing age, urban residence, and medical and natural science faculties. In contrast, smoking, qat chewing, physical activity, and the consumption of fast food, fruits and vegetables, and fish were not significantly associated with dyslipidemia.
Conclusion: To our knowledge, this is the first human study conducted at Ibb University during wartime in Yemen. Dyslipidemia was highly prevalent among healthy Yemeni university students in Ibb city. Low HDL-C was the most prevalent type of dyslipidemia, followed by increased levels of LDL-C. Gender, age, residence, and type of faculty were also closely related to dyslipidemia. These results indicate the need for specialized programs to determine blood lipid levels and initiate intervention programs to reduce the prevalence and prevent the complications of dyslipidemia among Yemeni university students.
Introduction
Dyslipidemia is defined as elevated of plasma levels of total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), and triglycerides (TG), as well as lower plasma levels of high-density lipoprotein cholesterol (HDL-C). These increases can occur either singly or in combination. 1, 2 Dyslipidemia is associated with atherosclerosis and increases the risk of cardiovascular disease (CVD). 3 According to the World Health Organization (WHO), 17.7 million people die annually from CVD 4 and approximately one-third of global deaths are attributable to CVD and stroke. 5, 6 Dyslipidemia in adulthood increases the prevalence of CVD later on in life. 7 Cholesterol levels at 22 years of age can predict the rate of CVD development over the ensuing 30e40 years. 8 The treatment of dyslipidemia as a modifiable risk factor of CVD has been shown to reduce the incidence of CVD morbidity and mortality. 9 For every 38.6 mg/dL reduction in LDL-C level, the annual rate of major vascular events decreases by one-fifth. 10 CVD also represents a considerable economic burden to society. In the USA, the direct annual costs of CVD are projected to triple between 2010 and 2030, while the healthcare costs related to CVD represented 9% of the total healthcare expenditure across the European Union in 2009. 11, 12 Dyslipidemia is also prevalent in the Arab Countries. The CVD-associated mortality rate in the Middle East (ME) is one of the highest in the world. 13 According to WHO, the CVD mortality in Yemen accounts for 21% of total deaths among all ages of both sexes.
14 The Ibb governorate is located in the inland south of Yemen. It has an area of 6484 km 2 and an estimated population of around 2,560,000, making it the most densely populated governorate in Yemen. It has 20 districts. 15 Ibb city is the capital of the governorate. Despite the war conditions in the country in the last three years, Ibb city remains one of the most secure and stable cities in the country, which explains the large wave of displacement from other provinces. To our knowledge, no previous study has measured the prevalence of dyslipidemia among university students in Ibb governorate. Therefore, this study aimed to estimate the prevalence of dyslipidemia and patterns of serum lipid profiles and associated risk factors among Yemeni students at Ibb University.
Materials and Methods

Population sample
This cross-sectional study was carried out at Ibb University in Ibb city, Yemen, between February 1 and June 2018. Ibb University is a state university in Yemen with ten faculties including more than 10,000 students (60% males and 40% females) originating from across the country. Data were collected using a predesigned interviewing schedule. Stratified random sampling was used to include students from the first to the last academic years. Students were selected using a clustering technique inside each faculty for each academic year. Students in the faculties are usually divided into small sections for practical and tutorial lessons. Each section includes from 10 to 30 students. One or two clusters were randomly selected in each academic year. The study sample was statistically calculated based on a 21% prevalence of CVD in Yemen according to WHO non-communicable diseases (NCD) country profiles.
14 A significance level 0.05 and power of 90% were used. The estimated sample size was 180. A total of 300 students aged 17e25 years, were chosen randomly from five faculties (Science, Education, Dentistry, Engineering, and Arts). The inclusion criteria of the study were apparently healthy Yemeni university students (male or female) 17e25 years of age who agreed to participate in the study. A total of 240 students (116 males and 124 females) completed the study and were included in the final analysis. Students who refused to participate and those with hypertension, diabetes mellitus, and kidney diseases were excluded. Pregnant women, nursing mothers, or students receiving medications that could affect serum lipid profiles were not included. Students were asked to fast for 10e14 h prior to the time of blood collection. Ethical approval of the study was obtained from the ethical committee of Ibb University. The study conformed to the ethical standards of the Declaration of Helsinki. Written informed consent was obtained from each participant upon his/her agreement to participate in the study. Administrative approvals were also obtained.
Data collection and measurements
A written document explaining the aim of the study was prepared by the researchers. Participant students were asked to fast for 10e14 h at the time of the interview. Each participant visited the university clinic twice. During the first visit, the questionnaire was completed and clinical and physical measurements were performed. The second visit included the collection of blood samples and completion of deficient data. Personal data such as sex, age, and martial state were collected. Data regarding health and dietary habits (Qat chewing, smoking, frequency of fast food consumption, physical exercise, and vegetable and fruit consumption) were also collected. Height and weight were measured twice using a calibrated heighteweight scale with the subjects standing in bare feet while wearing light clothing; the average values of the two measurements were then calculated. Body mass index (BMI) was calculated as the weight (kg) divided by the square of the height (m). Waist circumference (WC) was measured twice on standing participants at the midpoint between the lower edge of the costal arch and the upper edge of the iliac crest, with means calculated. Blood pressure was recorded by physicians using a sphygmomanometer after a 5-min sitting rest, with the average of three readings calculated. Venous blood samples were collected from each student after a 10e14-h fast. The samples were centrifuged immediately and stored at À70 C until biochemical analysis. The samples were analyzed for total cholesterol (TC), triglycerides (TG), low-density lipoprotein cholesterol (LDL-C), and high-density lipoprotein cholesterol (HDL-C) levels. Spinreact diagnostic enzymatic kits (Spain) were used. A spectrophotometer made by Spectronic Company (USA) was used.
Definitions of variables
According to the criteria of the National Cholesterol Education Program-Adult Treatment Panel III (NCEP-ATP III), 16 dyslipidemia was defined as follows: Hypertriglyceridemia: TG levels ! 150 mg/dL; hypercholesterolemia: TC ! 200 mg/dL; high LDL-C: levels !130 mg/dL; low HDL-C: levels < 40 mg/dL. Isolated hypercholesterolemia was defined as a total cholesterol ! 200 mg/dL and TG < 150 mg/dL; isolated hypertriglyceridemia was defined as serum TG ! 150 mg/dL and total cholesterol < 200 mg/dL; mixed hyperlipidemia was defined as TG ! 150 mg/dL and total cholesterol ! 200 mg/ dL; isolated low HDL-C was defined as HDL-C 50 mg/dL in women and 40 mg/dL in men without hypertriglyceridemia or hypercholesterolemia. Overweight was defined as BMI ! 25.0 kg/m 2 and < 30.0 kg/m 2 , while obesity was defined as BMI ! 30 kg/m 2 . 17, 18 Central obesity was defined as a WC ! 102 cm in men and !82 in women. 19 Qat chewers were defined as those who chewed qat for 4e 6 h daily, usually in the afternoon, four times per week. 20 Hypertension was defined as systolic blood pressure !140 mmHg and diastolic blood pressure !90 mmHg. 21 Smoking was classified in terms of current smokers or nonsmokers. Regular physical activity was defined as participation in moderate or vigorous activity for !30 min/day at least five days per week. 22 Frequent fast consumption was defined as the consumption of foods like pizza, fried chicken, and hamburger at least three times per week. 8 
Statistical analysis
Data were collected, coded, and entered into an IBMcompatible computer using IBM SPSS Statistics for Windows, version 22.0. The results were presented as frequencies and percentages for qualitative data and as means and standard deviation for quantitative variables. Chi-square tests were used to assess the association of dyslipidemia with qualitative variables. Statistical significance was defined for P-values < 0.05.
Results
Among the 300 initial participants in the study, 60 were excluded for incomplete data. The personal data of the Overweight students represented 11.7% of the population and no students (0%) of both sexes were obese. Students from the faculty of Science comprised 70% of the participants. Only 11.7% of the participants practiced irregular or regular exercise. Daily consumption of fast food, fruits, and fish was reported by 41.7%, 11.7%, and 1.7% of students, respectively. Table 2 shows the male/female anthropometric parameters of the students. There were no sex differences in BMI, but there was a significant difference in WC (P < 0.05) between male and female students. The mean systolic and diastolic blood pressures were significantly (P˂0.05) higher in male than those in female students. Table 3 shows the mean lipid profile levels among students according to sex. Male students had higher lipid profile levels compared to those in female students. The mean AE SD of TC, TG, LDL-C, and HDL-C for males were 171. Table 4 examines the prevalence of dyslipidemia among the participating students. Dyslipidemia was highly prevalent (86.7%) among the students, while mixed hyperlipidemia was found only in 8.8% of the subjects. The prevalence of hypercholesterolemia, hypertriglyceridemia, high LDL-C, and low HDL-C was 21.7%, 23.8%, 31.7%, and 81.7% respectively. The prevalence of isolated hypercholesterolemia, isolated hypertriglyceridemia, and isolated low HDL-C was 12.9%, 15%, and 50%, respectively (Figure 1) . Table 5 illustrates the factors associated with dyslipidemia. A significantly higher prevalence of hypercholesterolemia and hypertriglyceridemia was observed in male students compared to those in female students (31% and 49% versus Figure 1 : Venn diagram showed interaction between dyslipidemia types. Three circles: green circle for hypercholesterolemia, yellow circle for hypertriglyceridemia, pink circles for low HDL-C.
12.9% and 6.5%) (P ¼ 0.005); while low HDL-C and high LDL-C were more prevalent in female students than in male students (83.9% and 32.3% versus 79.3% and 31%), the difference was not statistically significant. Hypertriglyceridemia was observed in 27.5% of students aged !20 years and was significantly (P < 0.005) associated with this age group, while high LDL-C was significantly associated in those less than 20 years of age (P < 0.005). Hypercholesterolemia, hypertriglyceridemia, and high LDL-C accounted for 30.8%, 31.7%, and 38.5%, respectively, of urban students (Pvalues: 0.005, 0.01, and 0.04 respectively). Significant differences in the prevalence of dyslipidemia were observed between faculties, with a higher percentage of abnormalities among medical and natural science students (Table 5 ). Table 5 also shows the non-significant association of different types of dyslipidemia with normal and overweight students with the exception of low HDL-C, which was significantly associated with body weight (P < 0.05) and accounted for 83.5% and 67.9% of normal and overweight students, respectively. In our study, obesity was not detected among the participating students (Table 5) . Table 6 illustrates the association of dyslipidemia with lifestyle factors and dietary habits. Only low HDL-C-hypoalphalipoproteinemia was significantly associated with smoking (P ¼ 0.005); the other types of dyslipidemia were not significantly associated with smoking and qat chewing (Table 6) .
Hypertriglyceridemia was significantly (P < 0.005) associated with physical inactivity and accounted for 68.8% of students practicing irregular exercise. The other types of dyslipidemia were not associated with exercise (P > 0.05). A significant relation between dyslipidemia and fast food consumption was observed, with an increased prevalence of hypertriglyceridemia by 35% among students with daily fast food consumption (P ¼ 0.005. No significant association was observed between dyslipidemia and fruit and vegetable and fish consumption (Table 6 ).
Discussion
Recently, the increasing prevalence of dyslipidemia is a worldwide public health problem. Its prevalence varies widely according to ethnic, socioeconomic, and cultural characteristics. To our knowledge, the current study is the first to examine the prevalence of types of dyslipidemia among Yemeni students at Ibb University. It may be also the first study in Yemen conducted during war conditions. Our results show that 63.3% of the students chewed qat daily. Qat chewing is a highly prevalent habit in Yemen, Ethiopia, and other countries of the Horn of Africa. 23 This finding is concordant with those of other studies. The reported prevalence of qat chewing in Yemen, Ethiopia, and the Jazan region of KSA is 61.12%, 42%, and 28.7%, respectively. Students chew qat believing that it improves memory, alertness, and clear thinking. 27 An interesting finding in the current study was the absence of obesity among Yemeni university students. Our finding is inconsistent with those of other studies. Many regional and international studies reported obesity to be a significant risk factor for dyslipidemia. 28e31 The absence of obesity in our study is likely related to widespread poverty among Yemeni families, particularly during the last three years of war. Yemen is one of the poorest countries in the Middle East. According to the United Nations (UN), about half of Yemen's population of about 26.8 million lives below the poverty line. 32 Traditional Yemeni food is low in fats and calories. This may also explain the absence of obesity among our students. In addition, the majority of students in this study reported that, due to the high cost of transportation, they leave and return to the university on foot. In other words, students practice daily exercise. Exercise can help promote weight loss and works best when combined with lower-calorie diet. 33 Finally, the widespread of qat chewing among Yemeni students may also play a role in the absence of obesity. It is common for Yemeni students to eat a good meal only once a day for lunch. They spend most of their money to buy qat for chewing many hours daily. The students believe that qat improves memory, alertness and clear thinking. They do not care about breakfast and dinner. Qat also suppresses appetite. 34 However, Al-Sharafi and Gunaid reported a higher prevalence of normal BMI among qat chewers than among non-qat chewers. 35 Our results showed significantly higher prevalences of hypercholesterolemia and hypertriglyceridemia in male than those in female students. This finding is consistent with those of other studies. 29, 36 However, other studies have reported no difference in dyslipidemia between men and women. 37, 38 The increasing prevalence of dyslipidemia is a worldwide public health problem. In our study, the overall prevalence of dyslipidemia (at least one abnormal lipid profile value) was 86.7%. This result is similar to that reported in an Iranian study (83.4%) study. 39 However, our figures are higher than those in other studies. Al-Sabah et al. reported an estimated prevalence of 75% in young adults aged 20e40 years in Baghdad city, Iraq. 40 Hamam reported a 60% prevalence among Saudi university students at Taif University. 41 Other studies in China, Kuwait, Oman, and KSA also reported lower estimates of dyslipidemia. 22, 29, 36, 42 The current study showed a significant increase in dyslipidemia in the form of hypercholesterolemia, hypertriglyceridemia, and high LDL-C among urban students compared to the levels in rural students. This is in accordance with other studies. 7, 43 This difference may be due to urban lifestyles and dietary habits including the consumption of fast food and high-fat diets. Another interesting finding of the current study was the high prevalence of low HDL-C (81.7%) among Yemeni university students. This prevalence is much higher than that in their counterparts in KSA (46.3%), Iraq (38.5%), and Egypt (27.1%). 41, 40, 8 The prevalence of isolated low HDL-C in our study was 70%. This prevalence appears to be one of the highest compared to those reported by similar studies. Qi et al. 22 reported an isolated low HDL-C prevalence of 10.5%, while Mula-Abed and Chilmeran reported a prevalence of 49.9% among adult Iraqi population. 44 However, this finding is similar to those of one study conducted among rural populations in Uganda. 45 The association of genetic factors with variations in LDL-C level has been elaborated. Genetic factors determine about 50% of the variability in HDL-C levels, while acquired factors such as diet, smoking, diabetes mellitus type 2, physical inactivity, and drugs affect the other 50%. 46, 47 Furthermore, the high prevalence of isolated low HDL-C among populations consuming low-fat diets may be due to decreased apolipoproteins in HDL-C. 48, 49 Finally, the present study was conducted during war conditions in the country that had lasted for more than three years. Psychological stress is also a risk factor for lipid disorders. 50, 51 Thus, Yemeni university students are at high risk for developing CVD. 52 According to WHO, CVD mortality accounts for 21% of total deaths among all age groups of men and women in Yemen. 14 The prevalence of hypercholesterolemia in the current study was 21.7%, much lower than the prevalence in Egyptian, 8 Turkish, 53 and Jordanian adults. 36 In contrast, our result is concordant with a Spanish study. 54 However, our figures are much higher than other studies on this age group. 29, 41 Young adults with hypercholesterolemia have five times the risk of CVD and nine times the risk of myocardial infarction (MI) in the following 30e40 years compared to the risk in young adults with low cholesterol levels. 55 The current results revealed hypertriglyceridemia in only 23.8% of students. The Egyptian estimate of hypertriglyceridemia among university students (29.7%) was comparable to that in the current study. 8 Desouky et al. reported a 33.6% prevalence of hypertriglyceridemia among Saudi female university students. 56 Our results also show the increasing prevalence of dyslipidemia among medical and natural science students compared to those in students from social science faculties. This may be linked to the type of study in these faculties, which may encourage students physical inactivity for long periods of time to read lessons or work on computers. This result is similar to those of another study. 8 The current study revealed the insignificant association of dyslipidemia with eating habits and the intake of most of the investigated food, a result consistent with those of previous studies. 8, 41 Limitations Our study has some limitations, mainly related to the nature of the study. The data were based on the number of Yemeni university students at one state University and likely do not represent the actual prevalence of dyslipidemia among the whole population. Therefore, we recommend intervention programs for university students at an earlier age through screening, health education, and counseling. Our results provide a foundation for further studies to reduce dyslipidemia prevalence and prevent its complications.
Conclusion
To our knowledge, is the first human study conducted at Ibb University during wartime in Yemen. Dyslipidemia was prevalent among healthy Yemeni university students in Ibb city. Low HDL-C was the most prevalent type of dyslipidemia, followed by increased levels of LDL-C. Gender, age, residence, and type of faculty were associated with to dyslipidemia. These results indicate the need for specialized programs for the study of blood lipid levels as well as appropriate intervention programs to reduce the prevalence and prevent complications of dyslipidemia among Yemeni university students.
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